INTRODUCTION
Lymnaea (Galba) truncatula (Müller, 1874) is well known as the intermediate host of the liver fluke, Fasciola hepatica, in Europe 4 and it is of major importance in transmitting fasciolosis in Lesotho, 11 but no reference could be found with regard to its role in transmission of the disease in South Africa. The oldest record of L. truncatula in the National Freshwater Snail Collection (NFSC) is one from Lesotho that dates back to 1956. This paper focuses on the geographical distribution and habitats of L. truncatula as reflected by the 723 samples on record in the NFSC. Habitat details, as provided by collectors at the time of collection, and the influence of mean altitude, mean annual rainfall and temperature in the different 'loci' ( 1 16-degree squares) are discussed. As L. truncatula is the preferred host of Fasciola hepatica 4 , the economic implications of its presence in South Africa are briefly discussed.
MATERIALS AND METHODS
Data on the geographical distribution and habitats of L. truncatula were extracted from the database of the NFSC, which dates from 1956 to the present. Only those samples were included in the analysis for which the collection sites could be located on 1:250 000 topocadastral maps. The 723 samples were grouped into 211 different 'loci' ( 1 16-degree squares) ( Fig. 1 ) and ranked in intervals according to mean annual rainfall, air temperature and altitude (Table 1) . Rainfall, temperature and altitude data were obtained from the Computing Centre for Water Research, University of Natal. All species in the database were ranked according to a temperature index based on their frequencies in the temperature intervals. This was achieved by allocating numeric values, ranging from 1 for the coolest to 5 for the warmest of the 5 temperature intervals. The proportion of the total number of loci falling in a particular temperature interval for each species was then multiplied by the value allocated to that specific temperature interval. This was done for each temperature interval in which the species was recorded and the sum of these scores was then taken as the temperature index for that particular species (D S Brown,The Natural History Museum, London, pers. comm., 2002). Chi-square values were calculated to determine the significance of differences between the frequency of occurrence in, on, or at the different options for each variable, such as waterbody, substratum or temperature.
In addition, the effect size 6 was calculated for each variable to evaluate its importance in determining the distribution of this species. The effect size is an index that measures the degree of discrepancy between the frequency distribution of a given species in the set of alternatives of a given variable such as waterbody, compared with the frequency distribution of all other mollusc species in the database in the set of alternatives of the same variable 6 . The data in the database were also used to construct an integrated decision tree 1 . This is a statistical model that enables the selection and ranking of those variables that maximally discriminate between the frequency of occurrence of a given species under specific conditions compared to all other species in the database. This was done with SAS Enterprise Miner for Windows NT and Decision Tree Modelling Course Notes 10 .
RESULTS
Although L. truncatula was collected in a wide variety of waterbodies, the highest numbers were recovered from swamps (Table 1 ) and its frequency in this type of waterbody differed significantly from that of all other waterbodies (ranging from P 2 = 11.7. df = 1, P < 0.05, for irrigation furrows to P 2 = 572.39, df = 1, P < 0.05 for streams). The 304 samples recovered from swamps represented 14.0 % of the total number of samples (2179) of all mollusc species (Table 1) . Aquatic vegetation was recorded at 91.6 % of the L. truncatula collection sites, and the effect size value for this factor was w = 0.2 ( Table 2) .
Most samples (81.3 %) were collected in habitats described as perennial and this differed significantly (P 2 = 33.57, df = 1, 1 16-degree squares) on record reflect an extensive but discontinuous distribution, except in Lesotho and in parts of the Mpumalanga, Gauteng and North West provinces of South Africa. Although recorded from 12 different types of waterbody, it was mostly (42.0 %) recovered from swamps. Most samples (45.8 %) were collected in habitats with slow-flowing water. A muddy substratum was recorded for 62.5 % of the samples. Most samples (86.3 %) were collected in habitats with a mean annual air temperature of 10-20°C, and more than 69 % came from localities with a mean annual rainfall of 600-900 mm. An integrated decision tree constructed from the data indicated that temperature and types of waterbody play a decisive role in determining the presence of L. truncatula in a given area. A temperature index calculated for all mollusc species ranked L. truncatula second in a total of 53 species according to its association with low temperatures. It remains to be established whether its distribution is indeed discontinuous, and whether its preference for a particular habitat, amphibious habits and ability to aestivate could have resulted in some populations having been overlooked during surveys. P < 0.05) from the number of samples recovered from seasonal habitats ( Table 3) .
With regard to water velocity, no significant difference was found between frequency of occurrence in habitats with fast-flowing or standing water. Most samples were, however, collected in habitats with slow-flowing water (Table 3) , which differed significantly from fast-flowing water (P 2 = 14.02, df = 1, P < 0.05) and standing water (P 2 = 83.14, df = 1, P < 0.05). More than 80 % of the samples were collected in habitats with clear and fresh water (Table 3) .
More than 60 % of the samples came from habitats with a muddy substratum (Table 4 ) and the frequency of occurrence in habitats with this type of substratum differed significantly from habitats with a substratum of decomposing plant material (P 2 = 15.36, df = 1, P < 0.05), a sandy substratum (P 2 = 60.68, df = 1, P < 0.05) and a stony substratum (P 2 = 93.2, df = 1, P < 0.05).
Although the largest number of samples fell in temperature intervals covering the range 10-20 °C, the 95 samples from the 5-10°C interval represented 26.8 % of the total number of collections in this interval (345) for all mollusc species (Table 5) . Almost 70 % of the samples came from sites with a mean annual rainfall of 600-900 mm ( Table 5 ).
The number of samples (31.7 %) from sites in the altitude interval 1500-2000 m differed significantly from all other intervals (ranging from P 2 = 85.31, df = 1, P < 0.05, for the 500-1000 m interval, to P 2 = 629.36; df = 1, P < 0.05, for the 1500-2000 m interval). However, the frequency of occurrence in 2 intervals (2000-2500 and 2500-3000 m) in each case represented more than 25 % of the total number of collections for all mollusc species in these intervals ( Table 5) .
The frequency of occurrence in habitats falling in the 5 selected temperature intervals and the temperature indexes calculated from these data, as well as the ranking of the species in order of their association with low to high temperatures, are presented in Table 6 . These results show that only the small clam Pisidium viridarium Kuiper, which is widely distributed in Lesotho, is more closely associated with cooler climatic conditions than L. truncatula.
The effect size values for each factor are also listed in Tables 1-5 . Values in the order of 0.1 and 0.3 indicate small and medium effects, respectively, whereas values of 0.5 and higher indicate significantly large effects 6 . The results suggest that temperature, altitude, type of waterbody and, to a lesser extent, type of substratum, are important factors that could influence the geographical distribution of L. truncatula significantly. The effect size values listed in Table 5 indicate that the temperature index of L. truncatula differs significantly from that of all other species apart from Pisidium casertanum (0.347), P. langleyanum (0.454) and P. costulosum (0.460) (difference in effect values <0.5) ( Table 6) .
Temperature was singled out by the decision tree analysis as the most important factor affecting the distribution of this species, followed by type of waterbody (Fig. 2) . The 376 (95 + 281) times that L. truncatula was collected in habitats falling in the 2 temperature intervals spanning 5-15°C, represented 7.9 % of the total number of 4758 (354 + 4404) collections in these intervals (Table 5 ; Fig. 2 ). By contrast, the 343 times that this species was collected in habitats in the 15-20°C interval represented just 1.4 % of the total number of collections for the interval (Table 5 ; Fig. 2 ). Swamps and springs were selected as the most important waterbodies affecting the distribution of this species in the 5-15°C temperature intervals (Fig. 2) .
DISCUSSION
The geographic range of L. truncatula is mainly Holarctic 4 . Although its extensive but scattered distribution in Africa was attributed to migratory birds 9 , it could be long-established as subfossil shells are known from the Sahara as well as 2 localities in Namibia 4 . This species has also been reported from the Near East and southwestern Arabia 5 . The occurrence of L. truncatula in southeastern Africa has been described as remarkably sporadic and could, to some extent, be attributed to it not being strictly aquatic and therefore not found during surveys that focused exclusively on water 15 . A contributing factor is that it is also a good aestivator 4 and it would therefore not easily be found in surveys conducted during the dry season.
Our results show L. truncatula occurs most extensively in the cooler areas of South Africa and Lesotho (Fig. 1) , and this is in agreement with an earlier report 4 . Studies on its population dynamics under natural conditions in Lesotho suggested a distinct preference for lower temperatures, optimally between 10 and 20°C 13 . It is therefore not surprising that 719 (95 + 281 + 343) of 723 (99.4 %) samples of L. truncatula in the NFSC fell in the 5-20°C interval range (Table 5 ). This preference for lower temperatures is also reflected by the temperature index for this species (Table 6 ). The results of both the decision tree ( Fig. 2) and the effect size analyses (Table 5) indicated that temperature is an important determinant of its geographical distribution. Its occurrence in the warmer regions of South Africa can possi- A: number of times collected in the waterbody. B: percentage of the total number of collections (723) on record for L. truncatula. C: number of times any mollusc was collected in the waterbody. D: percentage occurrence of L. truncatula in the total number of collections in a specific type of waterbody. *Large, man-made watercourse for irrigation purposes, usually lined by concrete. **Narrow, man-made furrows to drain rainwater from the side of roads, usually associated with culverts or a low-level bridges. ***Narrow, dug-out furrows, usually not lined by concrete, to conduct water from a channel, or small water impoundments for irrigation of fields, orchards, etc. + Small, man-made, water impoundments usually for ornamental purposes.
++
An area of waterlogged ground, usually with dense vegetation.
+++
Bodies of seasonal water closely associated with rivers, filled with rainwater when rivers overflow their banks, but usually isolated from main river during the dry season. bly be attributed to an increased reproduction rate during the colder months and the production of sufficient offspring to see the population through the unfavourable summer months 13 . The decision tree and effect size analyses also indicated that habitat type could play a decisive role in the geographical distribution of L. truncatula. Swamps were reported as the preferred habitat of this species in Lesotho 12 , substantiated by the finding that 42.0 % of the samples of this species in the NFSC was collected in swamps (Table 1 ). Of interest is that this species is semi-amphibious throughout its geographic range and seems to thrive on almost permanently moist, poorly drained ground 2 . The swamps in Lesotho are exceptionally favourable habitats and the snail occurs there in greater densities than in other parts of Africa 2 . Although aquatic vegetation was recorded at 91.6 % of the collection sites, the effect size value (w = 0.2) of this factor (Table 2) suggests that it is relatively unimportant in determining the presence of this species in a particular habitat.
Although the invader species Lymnaea (Pseudosuccinea) columella (Say) is more widely distributed in South Africa than L. truncatula, 7 and is reported as an intermediate host of F. hepatica elsewhere in the world, its contribution to transmission of fasciolosis in South Africa has not yet been evaluated 4 . As mentioned above, L. truncatula is of major importance in transmitting fasciolosis in Lesotho 11 and was also reported as an intermediate host of No assessment of the financial losses due to fasciolosis in South Africa has yet been made. However, in other parts of Africa, financial losses due to fasciolosis are high enough to necessitate regular dosing of animals 3 . Prevalence in livestock and assessments of financial losses elsewhere in Africa have been reported in several papers 3, 4, 11 . As the availability of the snail intermediate hosts is essential in the epidemiology of fasciolosis, it is of great importance to update the geographical distribution of L. truncatula in view of our results. In planning such surveys, special attention should be given to the preferred habitats of L. truncatula. Its amphibious habits and ability to aestivate should also be taken into account. The results of such surveys should confirm whether its distribution is indeed as discontinuous as reflected by the data currently at our disposal. A: number of times collected on a specific substratum. B: percentage of the total number of collections (723) on record for L. truncatula. C: number of times any mollusc was collected in a waterbody with a specific substratum. D: percentage occurrence of L. truncatula in the total number of collections in a waterbody with a specific substratum. E: effect size calculated for substratum types. Table 5 
